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[57] ABSTRACT

A system for inverter control of a servo motor where in
the inverter is connected to a velocity control section
and a position detection section is connected to the
servo motor. Primary and back-up power for operating
the velocity control section and the position detection
section 1s provided by power sources that are located in
the velocity control section and are connected to the
posttion detection section by cables. The cables used to
provide signal transmission between the position detect-
ing section and the velocity control section are
switched by relays to transmit the power of a power
faillure back-up power supply at the time of a power
failure. Also, a transmission signal transmitted from one
of the position detecting section and the velocity con-
trol section to the other via a first cable connection is
returned via a second cable connection and a connec-
tion fault may be judged depending on whether or not
the return signal matches the transmission signal.

9 Claims, 5 Drawing Sheets
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FIG. 2
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FIG. 5
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SERVO CONTROL APPARATUS WITH BACK-UP
POWER SUPPLY

BACKGROUND OF THE INVENTION

1. F1eld of the Invention

The present invention relates to a servo control appa-
ratus wherein a position detecting section having a
function to detect the rotational position of a servo
motor is disposed separately from a control section
having a function to control the servo motor.

2. Description of the Background Art

FIG. 4 is a block diagram showing a servo control
apparatus known in the art. In this drawing, a motor 1,
€.8., a servo motor and a three phase alternating current
supply 13 are connected to an inverter section 14 in a
conventional arrangement. Operation of this arrange-
ment 1s conducted in connection with a position detect-
ing section 31 and a velocity control section 32, as sub-
sequently explained.

Within position detecting section 31 is a position
detector 2 that is connected to the servo motor 1 for
detecting the motor rotational position. A position data
generator 3 is for generating position data which indi-
cates the absolute rotational position, e.g., absolute posi-
tion, of the servo motor 1 based on the detection output
of the position detector 2.

An alarm data generator 4 is for generating alarm
data which indicates whether or not the position detec-
tor 2 and the position data generator 3 can operate
without fault. A parallel-to-serial converter 5 is for
converting parallel data into serial data and a switching
circuit 6 1s for switching between the position data
output from the position data generator 3 and the alarm
data output from the alarm data generator 4 as an input
to the parallel-to-serial converter 5 on the basis of a
switching signal.

A differential line driver 7 will receive the converter
S output and transmit the conversion output as a differ-
ential signal to a differential line receiver 8 in the veloc-
ity control section 32. The output terminals of the dif-
ferential line driver 7 and the input terminals of the
differential line receiver 8 are connected by a pair of
cables 38, 39.

A serial-to-parallel converter 9 converts the serial
data output from the differential line receiver 8 into
paralle] data. A data processor 10 will generate several
signals in response to the parallel data. First, processor
10 will produce a request code or comparable informa-
tion on which the switching signal of the switching
circuit 6 is based. Second, it will produce a control
signal for controlling the servo motor 1 on the basis of
an input command signal or a velocity command signal
and the conversion output of the serial-to-parallel con-
verter 9. The velocity command signal can be provided
on signal line 11. Also, the processor will generate a
position feedback signal on line 12 for transmission to
the outside and a signal for transmission back to the
position detecting section 31. Processor 10 also can
provide a signal on line 15 to the inverter section 14 for
controlling the conversion of the power output of the
three-phase alternating current power supply 13 to a
PWM-modulated three-phase alternating current
power output.

A parallel-to-serial converter 17 is connected to re-
ceive an output from the processor that is destined for
the position detecting section 31. The converter 17 is
operative to convert a request code, or parallel data
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2

output from the data processor 10, into serial data. At 15
the output of the converter 17 is a differential line driver
18 for transmitting the conversion output of the paral-
lel-to-serial converter 17 as a differential signal to a
differential line receiver 19 in the position detecting
section 31. The output terminals of the differential line
driver 18 and the input terminals of the differential line
receiver 19 are connected by a pair of cables 41, 42.

A request code decoder 20 is for decoding the receive
output of the differential line receiver 19 and for output-
ting a switching signal for switching the switching cir-
cuit 6. |

Three power supplies are seen in the above arrange- -
ment and two are located within the velocity control
section 32. A first power supply 22 provides an output
voltage on line 104 that is reduced at the time of a
power failure. A second power supply 23 is used as a
fatlure back-up power supply. A third power supply 26
1s a primary supply for position detection section 31,
which may provide a reduced voltage at the time of a
power failure.

A diode 24 is located in position detection section 31
and 1its anode is connected with the positive pole of the
power failure back-up power supply 23 in the velocity
control section 32 via a cable 40. The cathode of diode
24 1s connected with a power supply line 50 of the posi-
tion detector 2 and position data generator 3. Another
diode 25 has its anode connected with the positive pole
of a power supply 26 and whose cathode is connected
with the power supply line 50 of the position detector 2
and position data generator 3.

The diodes 24 and 25 cause either the power failure
20 back-up power supply 23 or the power supply 26,
whichever is higher in voltage at the time of an outage,
to supply the power supply voltage to the power supply

line 50 of the position detector 2 and position data gen-

erator 3.

Power supply 22 is connected by line 104 to a series
of three resistors. A first resistor 27 has one end con-
nected with a power supply line 104 and its other end
connected with one of the input terminals of the differ-
ential line receiver 8 at cable 39. A second resistor 28
also has one end connected with the input terminal of
the differential line receiver 8 at cable 39 and its other
end connected with the other input terminal of the
differential line receiver 8 at cable 38. A third a resistor
29 whose one end is connected with the input terminal
of the differential line receiver 8 at cable 38 has its other
end 1s grounded.

30 indicates an exclusive OR gate that is connected
across resistor 28, with one input terminal connected
with the input terminal of the differential line receiver 8
connected to cable 38 and its other input terminal con-
nected with the input terminal of the differential line
recerver 8 connected to cable 39. The “low™ output
from the exclusive OR gate 30 indicates that a fault,
such as an open cable, has occurred at the cables 38, 39
which connect the differential line driver 7 and the
differential line receiver 8.

As 1s clear from the above description and the illus-
tration of FIG. 4, the position detecting section 31 com-
prises the position detector 2, the position data genera-
tor 3, the alarm data generator 4, the parallel-to-serial
converter 5, the switching circuit 6, the differential line
driver 7, the differential line receiver 19, the request
code decoder 20, the diodes 24, and the diode 25. The
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power supply 26 serves as an auxiliary to the position
detecting section 31.

Also, veloctty control section 32 comprises the differ-
ential line receiver 8, the serial-to-parallel converter 9,
the data processor 10, the parallel-to-serial converter
17, the differential line driver 18, the power supply 22,
the power failure back-up power supply 23, the resistors
27, 28 and 29, and the exclusive OR gate 30.

34 1ndicates a cable for connecting a ground line 35 of
the position detecting section 31 and a ground line 36 of

the velocity control section 32.

"The cables 34, 38 to 42 used to connect the position
detecting section 31 and the velocity control section 32
are generally long so that the position detecting section
31 and the velocity control section 32 may be disposed
apart from each other.

Operation will now be described. First, a sequence of
operations wherein the servo motor 1 is controlled in
accordance with the position data output by the posi-
tion data generator 3 will be described with reference to
a flowchart shown in FIG. 5. |

At step S1, the data processor 10 generates the re-
quest code which commands the position detector 31 to
transmit the position data to the serial-to-parallel con-
~verter 9. This request code is then output to the parallel-
to-serial converter 17 and the procedure advances to
step S2.

Meanwhile, the request code converted into serial

data by the parallel-to-serial converter 17 is input to the -

request code decoder 20 via the differential line driver
18, the cables 41, 42, and the differential line receiver
19. Subsequently, the request code decoder 20 outputs
the switching signal to the switching circuit 6 so that
the position data output by the position data generator
3 is 1nput to the parallel-to-serial converter 5.

Then, the position signal converted into serial data by
the parallel-to-serial converter 5 is input to the serial-to-
parallel converter 9 via the differential line driver 7, the
cables 38, 39, and the differential line receiver 8. Subse-
quently, the position data converted into serial data is
converted 1nto a parallel position signal by the serial-to-
parallel converter 9 and is output therefrom.

At step S2, the execution waits for a predetermined
length of time required for the operation at step S1
between the generation and output of the request code
by the data processor 10 to the parallel-to-serial con-
verter 17 and the output of the position data from the
serial-to-parallel converter 9, and the processing pro-
gresses to next step S3.

At step S3, the data processor 10 reads position data
PF(n) output from the serial-to-parallel converter 9, and
the execution proceeds to next step S4.

At step S4, since the data requested is the position
data, the processing moves on to next step S5.

At step S§, it 1s determined whether position data
PF(n) was read at step S3 for the first time or not. If it
was not read for the first time, the execution advances
to next step S6. If it was read for the first time, the
execution progresses to step S7.

At step S6, the data processor 10 finds the speed of
the servo motor 1 from PF(n) indicated by a difference
between newly read PF(n) and previously read
PF(n—1) and from a reading cycle or a difference be-
tween previous reading time of day and new reading
time of day. |

The control signal of the servo motor 1 is output on
the basis of said speed and the input velocity command
signal, and the execution advances to step S7.
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It should be noted that in order to input the position
feedback signal to a position control section (not
shown) which receives the position command signal
and outputs the velocity command signal, the data pro-
cessor 10 performs a predetermined adjustment on posi-
tion data PF(n) read from the serial-to-parallel con-
verter 9 and outputs the position feedback signal to the

signal line 12 at step S6.
A sequence of operation wherein the data processor

10 reads the alarm data output by the alarm data genera-
tor 4 will now be described.

In this case, at step S1 in FIG. 5, the request code
generated by the data processor 10 commands the posi-
tion detector 31 to transmit the alarm data to the serial-
to-parallel converter 9.

Then, the switching command output by the request
code decoder 20 switches the switching circuit 6 so that
the alarm data output by the alarm data generator 4 is
input to the parallel-to-serial converter 5.

Subsequently, the execution waits for the predeter-
mined length of time at step S2, and the alarm data is
read by the data processor 10 at step S3.

At step S4, since the data requested is the alarm data,
the processing advances to step S7.

At step S7, 1t is determined whether the alarm data
indicates that the position detector 2 and the position
data generator 3 are in a normal condition or not. If the
alarm data indicates the position detector 2 and the
position data generator 3 are in a normal condition, the
execution advances to step S9. If the alarm data indi-
cates the position detector 2 or the position data genera-
tor 3 1s in an abnormal condition, the execution ad-
vances to step S8. |

At step S8, it 1s indicated that an abnormal condition
occurred at the position detector 2 or the position data
generator 3 and the execution comes to a stop.

When a power failure occurs, the output voltage of
the primary power supply 26 reduces, but the power
failure back-up power supply 23 assures that the neces-
sary predetermined power supply voltage is provided to
the power supply line 50 of the position detector 2 and
position data generator 3 via line 40 and the diode 24.
Accordingly, if a power failure occurs, the position data
generator 3 operates without fault, and when the power
Is restored, the servo motor 1 can be positioned to
where it had been immediately before the power failure.

It should be noted that the diode 25 prevents current
from flowing back to the power supply 26 at the time of
a power fatlure.

There are several reasons why the power failure
back-up power supply 23 cannot be located in the posi-
tion detecting section 31. First, the position detecting
section 31 must be small in size because the position
detecting section 31 must be arranged near the servo
motor 1 and must be built into the small space inside of
the mechanical unit with the servo motor 1. Second, the
position detecting section 31 is usually located inside of
the mechanical unit and cannot be easily accessed in a
common operating environment. If the power failure
back-up power supply 23 is located in the position de-
tecting section 31, it becomes difficult to change the
power failure back-up power supply 23. Third, the
position detecting section 31 is usually located near the

- servo motor 1 where the atmosphere is very hot and

65

does not provide a suitable environment for the power
failure back-up power supply 23.
It should also be noted that the resistance values of

‘the resistors 27, 28, 29 are selected such that the “low”
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output is provided to the output terminals of the exclu-
sive OR gate 30 if a fault, such as an open cable, occurs
at the electrical connections between the output termi-
nals of the differential line driver 7 and the input termi-
nals of the differential line receiver 8. If this output is
switched “low”, the apparatus is designed to stop oper-
ation and generate alarm.

There also is a disadvantage in supplying the back-up
power supply voltage to the position detecting section
31 from supply 22 via the cables from the power supply
line 104 of the velocity control section 32, without using
the power supply 26 of the position detecting section 31.
The disadvantage accompanying such cost-saving mea-
sure may be described in accordance with FIG. 4.

When the position detecting section 31 and the veloc-
ity control section 32 are spaced away from each other,
a voltage drop due to the cable for connecting the
power supply 22 of the position detecting section 31 and
the power supply of the velocity control section 32 and
the cable 34 for connecting the ground line 35 of the
position detecting section 31 and the ground line 36 of
the velocity control section 32 increases. If there is a
difference produced between the ground voltage level
of the position detecting section 31 and the ground
voltage level of the velocity control section 32, the
“low” output may be provided from the exclusive OR
gate 30 even 1f the electrical connections between the
differential line driver 7 and the differential line re-
cetver 8 are normal. Accordingly, cost reduction can-
not be made by omitting the power supply 26.

The known servo control apparatus arranged as de-
scribed above requires a cable that is exclusively used to
connect the velocity control section and the position
detecting section in order to back up the power supply
at the time of a power failure, resulting in high costs.
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Also, the known servo control apparatus requires the

power supply to be provided for each of the velocity
control section and the position detecting section in
order to detect whether the connection fault of the
cables employed for bidirectional signal transmission
between the two sections exists or not without fault,
resulting in high costs.

SUMMARY OF THE INVENTION

It 18, accordingly, an object of the present invention
to overcome the disadvantages in the background art by

providing a servo control apparatus which does not

require a dedicated cable provided for the connection
of a control section and a position detecting section in
order to back up a power supply at the time of a power
failure.

It is another object of the present invention to pro-
vide a servo control apparatus which is provided with a
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power supply in one of a velocity control section and a -

position detecting section to supply power to the other
via a cable connecting the two sections, and which
detects whether the connection fault of cables used for
bidirectional signal transmission exists or not without
fault.

A servo control apparatus concerned with the pres-

35

60

ent mnvention comprises a servo motor, a position de-

tecting section having position detector for detecting
the rotational position of the servo motor, a cable
whose one end is electrically connected with the posi-
tion detecting section, and a control section electrically
connected with the other end of the cable and having a
control unit for controlling the operation of the servo
motor under the control of an input command signal

65
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and a signal based on the detection output of the posi-
tion detector. The apparatus further comprises a switch
means for switching between transmitting the power of
a power failure back-up power supply held at a prede-
termined voltage at the time of a power failure and
transmitting another signal via the cable between the
control section and the position detecting section. Fi-
nally, 1t also has a power supply supervisor for supervis-
ing the voltage of a power supply reduced to less than
the predetermined voltage at the time of a power failure
and for causing the switch to perform a switching oper-
ation so that the power of the power failure back-up
power supply 1s transmitted via the cable if the power
supply voltage falls below the predetermined voltage.

Also, a servo control apparatus concerned with the
present invention comprises a servo motor, a position
detecting section having position detector for detecting
the rotational position of the servo motor, a control
section having control unit for controlling the operation
of the servo motor under the control of an input com-
mand signal and a signal based on the detection output
of the position detector. The system uses first cables for
transmitting the signal based on the detection output of
the position detector from the position detecting section
to the control section, and second cables capable of
transmitting a signal from the control section to the.
position detecting section. The apparatus further com-
prises return means for returning the other way a trans-
mission signal transmitted from one of the control sec-
tion and the position detecting section to the other via
the first or second cables, and judging means for judg-
ing whether the connection fault of the first cables or
the second cables exists or not depending on whether or
not the returned signal matches the transmission signal.

In the servo control apparatus according to the pres-
ent invention, when the power supply supervisor de-
tects a power failure, switch-over is carried out by the
switch during operation so that the power of the power
fallure back-up power supply is transmitted via the
cable used for signal transmission between the control
section and the position detecting section.

Also, in the sérvo control apparatus according to the
present invention, the transmission signal sent from one
of the control section and the position detecting section
to the other via the first or second cables connecting the
two sections is returned the other way, and the connec-
tion fault of the first or the second cable is determined
depending on whether or not the return signal matches
the transmission signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block arrangement diagram of a servo
control apparatus according to a preferred embodiment
of the present invention.

FIG. 2 is a flowchart illustrating the operation of the
servo control apparatus according to the preferred em-
bodiment of the present invention.

FIG. 3 1s a flowchart illustrating the operation of the
servo control apparatus according to the preferred em-
bodiment of the present invention.

FIG. 4 1s a block arrangement diagram illustrating a
servo control apparatus known in the art.

FI1G. S 1s a flowchart illustrating the operation of the
servo control apparatus known in the art.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A first embodiment of the present invention will now
be described in accordance with the appended draw-
ings. FIG. 1 is a block diagram showing the arrange-
ment of a servo control apparatus according to the

present invention.
Referring to this drawing, the numerals 1to 4, 6 to 8,

11 to 15, 17 to 19, 22 to 25, 34 to 36, 38, 39, 42 and 104
designate parts identical to those in FIG. 4 which illus-
trates the conventional apparatus. The velocity control
section is redesigned as section 114 connected to in-
verter section 14 and the position detecting section is
redesigned as section 110 connected to motor 1.

A power supply supervisor 101 is used for supervis-
ing the voltage of a power supply line 102 and a power
supply supervisor 103 is used for supervising the volt-
age of a power supply line 104. The two supervisors
operate independently. A cable 105 is for connecting
the power supply line 102 and the power supply line
104, and 106 and 107 designate relays.

Current to the exciting winding (not shown) of the
relay 106 is shut off by the power supply supervisor 101
when the voltage of the power supply line 102 drops
below a predetermined value. Also, current to the excit-
ing winding (not shown) of the relay 107 is shut off by
the power supply supervisor 103 when the voltage of
the power supply line 104 falls below the predetermined
value.

The common contact (C contact) of the relay 106 and
the common contact (C contact) of the relay 107 are
connected via a cable 43. Also, the normally closed
contact (NC contact) of the relay 107 is connected with
the positive pole of the power failure back-up power
supply 23 and the normally open contact (NO contact)
of the relay 107 is connected with one of the output
terminals of the differential line driver 18.

The normally open contact (NO contact) of the relay
106 1s connected with one of the input terminals of the
differential line driver 19 and the normally closed
contact (NC contact) of the relay 106 is connected with
the cathode of the diode 24.

It should be noted that in FIG. 4 showing the conven-
tional apparatus, the cable 40 connecting the positive
pole of the power failure back-up power supply 23 and
the diode 24 and the cable 41 connecting one of the
output terminals of the differential line driver 18 and
one of the input terminals of the differential line re-
ceiver 19 are not employed in FIG. 1. As described

above, the cable 43 is provided to link the common

contacts of the relays 106 and 107 in FIG. 1.

A request code decoder 108 and a serial data con-
verter 109 are used 1n the position detecting section 110.
It should be noted that the request code decoder 108 has
an additional function to output a parallel request code
to the serial data converter 109. Such function was not
provided by the request code decoder 20 shown in FIG.
4, illustrating the conventional apparatus.

The serial data converter 109 generates a parallel
signal by adding a parallel request code output by the
request code decoder 108 to the switching output of the
switching circuit 6. In addition, converter 109 converts
this parallel signal into serial data for transmission via
driver 7 and lines 38, 39 to the velocity control section
114.
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Within velocity control section 114 is a serial-to-par- -

allel converter 111 for converting the serial data re-

8

cetved by the differential line receiver 8 over lines 38,
39 into parallel data. |

It should be noted that since said serial-to-parallel
converter 111 performs the serial-to-parallel conversion
of the position data or alarm data including the addi-
tional request code, this converter 111 is arranged to be
capable of converting into parallel data the serial data
which has a greater data volume as compared to the
serial-to-parallel converter 9 in FIG. 4 showing the
conventional apparatus.

A data processor 112 is used in the velocity control
section 114. Compared to the data processor 10 shown
In the conventional design of FIG. 4, processor 112
includes an additional function to compare the request
code output to the parallel-to-serial converter 17 with
the request code output from the serial-to-parallel con-
verter 111 and to judge the connection fault of the
cables 38, 39, 42, 43.

The position detector 2, the position data generator 3,
the alarm data generator 4, the switching circuit 6, the
differential line driver 7, the differential line receiver 19,
the diodes 24, 25, the power supply supervisor 101, the
relay 106, the request code decoder 108, and the serial
data converter 109 constitute the improved position
detecting section 110. It should be noted that the power
supply line 102 is provided in this position detecting
section 110.

Also, the differential line receiver 8, the parallel-to-
serial converter 17, the differential line driver 18, the
power failure back-up power supply 23, the power
supply supervisor 103, the relay 107, the serial-to-paral-
lel converter 11, and the data processor 112 constitute
an improved velocity control section 114. It should be
noted that the power supply line 104 is provided in this
velocity control section 114.

As a practical matter, the inverter section 14 and the
velocity control section 114 constitute the motor con-
trol section.

With respect to the operation of the apparatus in
identifying and overcoming a power outage problem,
the functions of the power supply supervisors 101 and
103 are relevant to power failure detection. The request
code decoder 108 and the serial data converter 109
function to provide a control return function. The data
processor 112 acts to judge the presence of a problem
condition and the data processor 112 and the inverter
section 14 act to provide a control that solves the prob-
lem. In this regard, the relays 106 and 107 provide a
necessary switching function and the cables 38 and 39
constitute first cables and the cables 42 and 43 constitute
second cables that provide the necessary connections
between the two primary sections.

Operation will now be described. When the velocity
control section 14 is powered up and the voltage of the
power supply lines 102 and 104 rises above a predeter-
mined voltage, the power supply supervisors 101 and
103 apply current to the excitation windings of the
relays 106 and 107. Subsequently, the common (C)
contacts and normally open (NO) contacts of the relays
106 and 107 are connected, and one of the output termi-
nals of the differential line driver 18 and one of the input
terminals of the differential line receiver 19 are con-
nected via the cable 43. In this case, the cable 43 is used
for signal transmission.

When the voltage of the power supply lines 102 and
104 fall below the predetermined value due to a power
failure, etc., the power supply supervisors 101 and 103
shut off the current to the excitation windings of the
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relays 106 and 107. Then, the common (C) contacts and
normally closed (NC) contacts of the relays 106 and 107
are connected, and the voltage of the power failure
back-up power supply 23 is supplied to the power sup-
ply line 50 of the position detector 2 and the position
data generator 3 via the cable 43 and the diode 24.

Accordingly, in this case, the cable 43 is employed to
transmit the power of the power failure back-up power
supply 23 to the position detector 2 and position data
generator 3.

When a power failure has occurred, the electric
charge stored in the condenser 51 maintains the voltage
of the power supply line 50 above the predetermined
voltage until the switching actions of the relay 106 and
relay 107, providing back-up power from battery 23, are
finished.

It should be noted that while a signal need not be
transmitted between the differential line driver 18 and
the differential line receiver 19 at the occurrence of a
power failure, the predetermined voltage must also be
supplied to the power supply line 50 of the position
detector 2 and the position data generator 3 during the
power failure since, after the power is restored, as de-
scribed above, the servo motor 1 is positioned to where
it had been immediately before the power failure.

A sequence of operation wherein it is determined
whether the connections between the output terminals
of the differential line driver 7 and the differential line
receiver 8 in FIG. 1 are faulty or not will now be de-
scribed with reference to operation flowcharts shown in
FIGS. 2 and 3.

In FIGS. 2 and 3, at step S201, the data processor 112
generates a request code which commands the position
detecting section 110 to transmit either of the position
data and the alarm data to the serial data converter 109.
This request code is then output to the parallel-to-serial
converter 17. In addition, a variable n that is related to
the number of iterations performed by the processor 112
will be assigned a value of 0. Thereafter, the processing
progresses to step S202. -

In the meantime, the request code converted into
serial data by the parallel-to-serial converter 17 is input
to the request code decoder 108 via the differential line
driver 18, the C-NO connection established by relays
106, 107, the cables 42, 43, and the differential line re-
celver 19,

If the request code decoded is the one which com-
mands the position data to be transmitted, the request
code decoder 108 outputs the switching signal to the
switching circuit 6 so that the position data output from
the position data generator 3 is input to the serial data
converter 109.

Alternatively, if the request code decoded is the one
which commands the alarm data to be transmitted, the
request code decoder 108 outputs the switching signal
to the switching circuit 6 so that the alarm data output

from the alarm data generator 4 is input to the serial

data converter 109.

Also, the request code output from the request code
decoder 108 in the form of a parallel signal is input to
‘the serial data converter 109.

The serial data converter 109 adds the request code
output from the request code decoder 108 in the form of
the parallel signal to the position data or alarm data
output from the switching circuit 6 in the form of the
parallel signal, further converts the result of addition
into serial data, and outputs the serial data to the differ-
ential line driver 7.
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This serial signal is input to the serial-to-parallel con-
verter 111 via the differential line driver 7, the cables 38,
39, and the differential line receiver 8. The serial signal
1s then reconverted to a parallel signal by the serial-to-
parallel converter 111 and the parallel signal is output to
the data processor 112.

At step S202, the execution waits for a period of time
required for the operation performed at step $S201 be-
tween the output of the request code by the data proces-
sor 112 and the output of the position data or alarm data
having the additional request code from the serial-to-
parallel converter 111, and the processing advances to
next step S203. |

At step S203, the data processor 112 reads the request
code 1n the conversion output of the serial-to-parallel
converter 111 and compares this read request code with
the request code output by the data processor 112 at
step S201. If they match, the execution advances to step
S207. If they do not match, the processing progresses to
step $S204.

At step 5204, variable n is incremented by 1 and the
operatton moves to step S205.

At step 8205, it is determined whether or not variable
n is smaller than preset constant n0. If it is smaller, the
execution returns to step S201 for a further iteration. If
it 1s not smaller, the processing advances to step S206.

Namely, steps S201 to S203 are executed up to n0
times until a match is determined at step S203. If a
match is not determined within the prescribed number
of iterations, the execution progresses to step S206.

At step S206, it is indicated that a receive signal trans-
mitted from the position detecting section 110 is faulty
due to a connection fault, etc., between the output ter-
minals of the differential line driver 7 and the differen-
tial line receiver 8, and the execution comes to a stop.
The operations at steps S207 to S213 are identical to
those at steps S3 to S9 in FIG. 5 showing the process of
the conventional design.

It will be apparent that the invention, as described
above, achieves a servo control apparatus which does
not require a cable exclusively used to connect the
control section and the position detecting section in
order to back up the power supply at the time of a
power failure, whereby ,5 the whole apparatus is re-
duced in weight and cost. When the power failure de-
tecting means detects a power failure, switch-over is
carried out by the switching means during operation so
that the power of the power failure back-up power
supply is transmitted via the cable used for signal trans-
mission between the control section and the position
detecting section.

It will also be apparent that the invention achieves a
servo control apparatus which is provided with a power
supply in one of the control section and the position
detecting section to supply power to the other via the
cable connecting the two sections, and which detects
whether the connection fault of the cables used for
bidirectional signal transmission exists or not without
fault. The transmission signal sent from one of the con-
trol section and the position detecting section to the
other via the first or second cables connecting the two
sections is returned the other way, and the connection
fault of the first or the second cables is determined
depending on whether or not the return signal matches
the transmission signal.

The entire disclosure of each and every foreign pa-
tent application from which the benefit of foreign prior-



d,414,336

11

ity has been claimed in the present application is incor-
porated herein by reference, as if fully set forth.

Although this invention has been described in at least
one preferred embodiment with a certain degree of
particularity, it is to be understood that the present
disclosure of the preferred embodiment has been made
only by way of example and that numerous changes in
the details and arrangement of components may be
made without departing from the spirit and scope of the
invention as hereinafter claimed.

What is claimed is:

1. A servo control apparatus comprising a motor, a
position detecting section having position detecting
means for detecting the rotational position of said motor
and generating a position output, a control section hav-
ing control means for controlling the operation of said
motor in response to an input command signal and a
signal based on the output of said position detecting
means, a primary power supply, a first cable having first
and second ends and defining a data transmission path,
said first end being electrically connected with said
position detecting section and said second end being
electrically connected with said control section, and a
power failure back-up power supply provided in one of
said position detecting section and said control section
and being operative to maintain a predetermined volt-
age at the time of a power failure, further comprising:

power failure detecting means for detecting a power

failure; and

switching means for switching between transmitting

a data signal at the time of normal power condition
via said data transmission path and transmitting the
power of said power failure back-up power supply
at the time of a power failure via said data transmis-
sion path on the basis of the detecting output of said
power failure detecting means.

2. 'The servo control apparatus as set forth in claim 1,
wherein said power failure detecting means comprises
power level detector means disposed at each of said
control section and said position detecting section for
detecting power levels at said corresponding section.

3. The servo control apparatus as set forth in claim 1,
further comprising temporary power supply means for
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providing power temporarily before operation of said
switching means.

4. The servo control apparatus as set forth in claim 2,
wherein said level detectors operate independently.

5. The servo control apparatus as set forth in claim 1,
further comprising a dedicated power path for provid-
ing primary power from said primary power supply in
one of said posttion detecting section and said control
section to the other of said sections.

6. A servo control apparatus comprising a motor, a
position detecting section having position detecting
means for detecting the rotational position of said mo-
tor, a control section having control means for control-
ling the operation of said motor under the control of an
input command signal and a signal based on the detec-
tion output of said position detecting means, first cable
means for transmitting said signal based on the detec-
tion output of said position detecting means from said
position detecting section to said control section, and
second cable means for transmitting a signal from said
control section to said position detecting section, fur-
ther comprising:

return means for retransmitting a transmission signal,

transmitted from one of said control section and
said position detecting section to the other via one
of said first or second cables to the other section via
the other cable; and

a data processor for judging whether a connection

fault exists in one of said first or said second cables,
depending on whether or not a retransmitted signal
matches said transmission signal.

7. The servo control apparatus as set forth in claim 6,
further comprising means for generating a request code,
and means for transmitting said request code via said
second cable means.

8. The servo control apparatus as set forth in claim 7,
further comprising means for decoding said request
code and generating a corresponding output code.

9. The servo control apparatus as set forth in claim 8,
further comprising means for returning said output code

via said first cable means to said data processor.
* * 3 ¥ ¥
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